The present study was conducted to evaluate four commercially available phytase sources supplemented at regular (R) and super-dose (S) levels on live performance, bone mineralization, and apparent ileal digestible energy. Broiler chickens were allocated in stainless steel battery brooders (six birds per cage and eight pen replicates per treatment). A basal diet formulated to contain 0.2% non-phytate phosphorus (NPP) and 0.7% Ca was subdivided to create 11 dietary treatments: (1) basal diet was kept as the negative control (NC); (2) NC + limestone and monoclacium phosphate to create positive controls 1 and 2 formulated to yield 0.3% and 0.4% NPP; (3) NC + phytase A (250 and 1,500 FTU/kg); (4) NC + phytase B (500 and 1,500 FTU/kg); (5) NC + phytase C (500 and 1,000 FTU/kg); (6) NC + phytase D (1,000 and 2,000 FYT/kg). Performance was evaluated on d 7, 14, and 22. Tibia bone ash, tibia breaking strength, bone mineral content, and bone mineral density were evaluated on d 22. Apparent energy digestibility was evaluated on d 24. At d 7, phytases A and C supplemented at S level improved (P < 0.05) body weight and weight gain when compared to the NC. At d 14 and 22, all phytase sources improved (P < 0.05) body weight, weight gain, and bone mineralization when compared to the chicks under the NC diet. Overall, phytase supplementation at S level improved 17% apparent ileal digestibility at 24 d. Throughout the grow out period, phytase super-dose yield (P < 0.05) better performance, bone characteristics, and energy digestibility than the regular dietary level. In conclusion, all phytase sources were able to compensate the phosphorus deficiency and promote performance and bone mineralization. High levels of phytase showed a higher response when compared to the lower levels of supplementation.
INTRODUCTION
Plant-derived feed ingredients have been extensively used to formulate poultry diets around the world. In the USA, corn-soy based diets have been preferred for many years due to their nutritive balance and availability. Other cereal grains, such as wheat and barley, are more frequently used to formulate poultry diets in European countries (Bedford, 1995) . Independently of the region, plant feedstuffs can make up to 90% of the total dietary formulation. The high inclusion of plant-derived ingredients increases the concern related with anti-nutritional compounds that can negatively impact bird performance (Selle et al., 2000; Selle and Ravindran, 2007) .
Phytate, the plant storage form of P, is known to have considerable anti-nutritive effect for most animals (Bedford, 2000) due to its potent-binding activity on C 2018 Poultry Science Association Inc. Received December 22, 2017. Accepted August 2, 2018. 1 Corresponding author: ing.leyva531@gmail.com minerals, such as Fe, Zn, Ca, Mg, Mn, Cu, Se, and Ni (Harland and Oberleas, 1996; Gibson et al., 2010) , protein, and starch (Kies, 1996) , reducing the bioavailability of these nutrients to the animal. Additionally, the P bounded to phytate is not available to the birds due to lack of sufficient phytase enzyme to hydrolyze the phytate molecule and release the P (Ravindran, 1995) . Phosphorus is considered an essential nutrient for normal bone development, and multiple metabolic processes in the body (Leeson and Summers, 2001) . As a consequence of the limited bioavailability of P in plant feedstuffs, nutritionists are required to formulate diets with inorganic phosphate dietary supplements to meet the bird's P requirement. In many cases, overformulation of P to ensure adequate performance or prevent deficiency cause the excretion of excess P into the environment (Bedford, 2000; Bougouin et al., 2014) polluting water and soil resources (Heckrath et al., 1995) .
Early work on phytase super-dosing (>1,000 FTU/kg) goes back to the 1970's when Nelson et al. (1971) used 1 to 8 g/kg of a phytase with 950 FTU/g that results in an approximate dietary phytase inclusion of 950 to 7,600 FTU/kg. In this study, the authors 811 reported that weight gain (WG) and bone ash maximized at 7,600 FTU/kg and both were increased when compared with the non-supplemented phytase diet. Recent literature reports supporting the use of phytase super-doses in poultry diets (Shirley and Edwards, 2003; Pirgozliev et al., 2008; Walk et al., 2012; Manobhavan et al., 2015; Wu et al., 2015; Pieniazek et al., 2017) have reported not only beneficial effects on bone mineralization but also for performance due to improved energy and amino acid digestibility.
The efficacy of commercially available phytases appear to be influenced by many factors such as phytase source (e.g., microbial vs fungi derived), dietary level, thermostability, and pH for optimal activity (Shaw et al., 2010) . Therefore, it is important to compare their ability to release phytate P under different feed manufacturing conditions, diets formulations, and dietary levels.
The objective of this study was to evaluate the effect of different dosing of four commercially available phytase products to corn-soy broiler starter diets formulated with a marginal concentration of non-phytate phosphorus (NPP) on live performance, bone mineralization, and apparent ileal digestible energy (AIDE) of growing broiler chickens.
MATERIALS AND METHODS
All procedures in this experiment were approved by the Institutional Animal Care and Use Committee of Texas A&M University.
Birds and General Management
Six hundred male newly hatched Cobb-500 broiler chickens were procured from a commercial hatchery and transported to the Texas A&M Poultry Research Center. At the time of arrival to the experimental facilities, all chickens were weighed in groups of 20 birds and an average body weight (BW) was calculated. The average BW was used to create 88 groups of six birds of close to "identical" starting BW and variance and then randomly distributed into 11 dietary treatments using a completely randomized block design and a 2 × 4 (two dietary levels of phytase and four phytase sources) factorial arrangement with three control reference diets. Birds were allocated in four stainless steel battery brooder units inside four environmentally controlled rearing rooms. Each treatment consisted of eight replicate pens and each room contained two treatment replicates. Fluorescent 48-inch tube lamps were used to provide 24 h constant light. Water and feed were offered ad libitum throughout the entire experimental period of 24 d. Birds were monitored daily with regard to general flock condition, temperature, lighting, water, feed, and any unanticipated events inside the rearing facility.
Dietary Treatments
A mash basal corn-soy broiler starter diet was formulated to yield 0.2% NPP and 0.7% Ca (Table 1) . The basal diet was the sub-divided into 11 equally sized batches. One batch was kept as basal diet to serve as negative control (NC). To calculate approximate P release, two positive control (PC) diets 1 (PC1) and 2 (PC2) were adjusted by the addition of monocalcium phosphate and limestone to yield 0.30% NPP and 0.80% Ca and 0.4 NPP and 0.9% Ca, respectively. The eight remaining NC batches were supplemented with four commercially available phytase products at two dietary concentrations. Since phytase products differed in declared activity units, source, and pH for optimal activity, levels tested for each phytase were intended to achieve approximate single (regular; R) and superdose (S) levels. Optiphos 2000 PF, a 6-phytase derived from Escherichia coli expressed in Pichia pastoris contained a declared activity of 2,000 FTU/g (Huvepharma Inc. Peachtree, GA) was supplemented at 250 and 1,500 FTU/kg (enzyme; A), Quantum Blue 10 G, a 6-phytase derived from Escherichia coli expressed in Trichoderma reesei contained a declared activity of 10,000 FTU/g (AB Vista Feed Ingredients, Marlborough, UK) was supplemented at 500 and 1,500 FTU/kg (enzyme; B). Axtra PHY25,000 G, a 6-phytase derived from Buttiauxella sp. expressed in Trichoderma reesei contained a declared activity of 25,000 FTU/g (Danisco Animal Nutrition, Marlborough, UK) was supplemented at 500 and 1,000 FTU/kg (enzyme; C) and Ronozyme HiPhos GT 2500, a 6-phytase derived from Citrobacter braakii expressed in Aspergillus oryzae contained a declared activity of 2,500 FYT/g (DSM Nutritional Products Inc., Parsippany, NJ) was supplemented at 1,000 and 2,000 FYT/kg (enzyme; D). After the phytase products were mixed with the basal diet, 20 kg of feed were weighed separately and titanium dioxide was added at a rate of 5 g/kg as an indigestible dietary marker using a 75 kg stainless steel mixer (Hobart, Troy, OH). The PC diets were manufactured at the end to avoid the possibility of cross contamination with the NC diet or phytase treatments at both mixing periods. For all products one unit of phytase activity was defined as the amount of enzyme that catalyzes the release of one micromole phosphate from phytate per minute at 37
• C and pH 5.5.
Data Collection
Performance Feed consumption and BW per pen were recorded on d 7, 14, and 22 to calculate WG and feed conversion ratio (FCR). Mortality and BW of dead birds were recorded daily and used to adjust FCR.
Bone Mineralization Analysis On d 22 of the experiment, four birds per pen were euthanized using CO 2 . Total bone mineral content (BMC) and bone mineral density (BMD) were obtained per pen using a Dual X-ray absorptiometry (DXA) scan (GE Lunar Prodigy, Boston, MA) located at the Applied Exercise Science Laboratory of Texas A&M University. Chickens were placed in prone position with their wings and legs at the sides of the body throughout the scan. Data were analyzed using the small animal software (GE Lunar Prodigy Advance enCore Version 16.0, GE-Healthcare, Boston, MA). After the DXA scan, both tibiae were removed, labeled, and stored in a freezer (-20 • C) until further analysis. The right tibiae were gently boiled for 2 h and defatted in petroleum ether for 48 h. Defatted tibiae were then dried in a forced draft oven (95
• C) until a constant weight was reported. Finally, the dried bones were ashed at 650
• C for 23 h. Percent tibia bone ash (TBA) was calculated based on starting dry bone weight and remaining ash. The left tibiae were cleaned from any adhering tissue and used to assay breaking strength (TBS) using a texture analyzer (TA.XT Plus, Texture Technologies, Hamilton, MA) charged with a 50 kg load cell, and a crosshead speed of 100 mm/min with the tibia supported on a three point bending ring and a 3 cm constant span.
Energy Digestibility Determination On d 22 of the experiment, the remaining birds per pen were offered the diets ad libitum containing the titanium dioxide for 2 d. On d 24, birds were euthanized using CO 2 and the contents of the ileum were collected and pooled per treatment per and room (n = 4) for the determination of AIDE. The ileum was defined as that portion of the small intestine extending 40 mm from the vitelline diverticulum to a point 40 mm proximal to the ileocaecal junction. The digesta was frozen (-20 • C) immediately after collection and subsequently freeze-dried. The dried ileal digesta samples were ground and stored until chemical analyses were performed. Feed and ileal digesta samples were analyzed in duplicate using the Short et al. (1996) procedure to determine the concentration of titanium dioxide. Briefly, using porcelain crucibles 0.3 g of dried ileal or feed samples were ashed for 13 h and then titrated with 10 mL sulfuric acid (7.4 M). Samples were gently boiled until completely dissolved and poured into clean beakers containing 25 mL distillated water. Beaker contents were subsequently poured in 100 mL volumetric flasks and titrated with 20 mL hydrogen peroxide (30%) and diluted to 100 mL using distilled water. Samples were analyzed using a Spectrophotometer (Genesys 10S UV-Vis, Thermo Fisher Scientific, Waltham, MA) at 410 nm. Gross energy of feed and ileal digesta samples was determined using a bomb calorimeter (Parr 6300, Parr Instrument Company, Moline, IL). AIDE was calculated with the following equation: AIDE = Gross energy of feed (kcal/kg) − Gross energy of ileal digesta (kcal/kg)
Statistical Analysis
Collected data were subjected to two-way analysis of variance (ANOVA) for a completely randomized blocked design using the Standard Least Squares procedure of JMP 13.1 (SAS Institute, Cary, NC). Rearing room was used as the blocking factor. Phytase source, dietary level, and their interactions were included in the model as fixed factors. Boxplot analysis was performed to investigate the presence of possible outliers and removed to ensure normally distributed data. Significant main effects were accepted at P < 0.05 and separated using Tukey's honest significant difference (HSD) test. If significant (P < 0.05) interactions were y-z Means within column lacking a common superscript differ (P < 0.05) factorial analysis. a-f Means within column lacking a common superscript differ (P < 0.05) all treatment analysis. 1 Phytase supplemented at R (regular) and S (super-dose) levels. Optiphos (enzyme A) supplemented at 250 and 1,500 FTU/kg, Quantum Blue (enzyme B) supplemented at 500 and 1,500 FTU/kg, Axtra PHY (enzyme C) supplemented at 500 and 1,000 FTU/kg, and Ronozyme HiPhos (enzyme D) supplemented at 1,000 and 2,000 FYT/kg.
2 NC diet was formulated to yield 0.7% Ca and 0.2% NPP. Limestone and monoclacium phosphate were added to NC diet to yield 0.3% NPP and 0.8% Ca (PC1) and 0.4 NPP and 0.9% Ca (PC2).
3 Values for body weight (BW) and weight gain (WG) represent the mean of n replicate pens of six birds each at respective age.
detected means were compared by one-way ANOVA and separated using Tukey's HSD test. Control dietary treatments were compared to phytase treatments by one-way ANOVA and Tukey's HSD was used to identify significant (P < 0.05) differences when appropriate. Average per pen was the experimental unit for performance and bone mineralization response variables and pooled average per treatment and per rearing room was the experimental unit for AIDE.
RESULTS

Performance
Live Weight The results obtained in this experiment demonstrate the efficacy of phytase to compensate the deficiency of NPP in the diet. Throughout the growout period, performance of broilers supplemented with phytase was similar or better when compared to the PC treatments independently of the phytase source used in the diet. Overall, no significant enzyme source × level interaction was observed for any of the performance variables studied after 22 d trial period. Main level effects (P < 0.05) were observed constantly throughout the grow-out period for the variables studied (Table 2). Phytase supplementation at S level was more effective in promoting performance when compared to the R supplementation level. Main effects of phytase sources were also observed during the grow-out period, where enzyme B resulted to have an overall lower effect in promoting performance compared to enzyme A, C, and D.
The addition of enzyme A and C at S level improved (P < 0.05) average BW (0 to 7 d) by 8.9%, 10.9%, respectively, and WG (0 to 7 d) by 11.7%, 14.6%, respectively, when compared with the NC treatment. Enzyme A, B, C, and D at R and S dietary levels improved (P < 0.05) average BW (7 to 14 d) by 12.5%, 9.3%, 13.8%, 11.6% and 24.9%, 17.6%, 25.4%, 19.5%, respectively, and WG (7 to 14 d) by 18.0%, 16.2%, 20.2%, 20.2% and 36.5%, 26.2%, 35.9%, 27.7%, respectively, when compared with the NC. Similarly, the addition of enzyme A, B, C, and D at R and S dietary levels improved (P < 0.05) average BW (14 to 2 Phytase sources supplemented at R (regular) and S (super-dose) levels. Optiphos (enzyme A) supplemented at 250 and 1,500 FTU/kg, Quantum Blue (enzyme B) supplemented at 500 and 1,500 FTU/kg, Axtra PHY (enzyme C) supplemented at 500 and 1,000 FTU/kg, and Ronozyme HiPhos (enzyme D) supplemented at 1,000 and 2,000 FYT/kg.
3 NC diet was formulated to yield 0.7% Ca and 0.2% NPP. Limestone and monoclacium phosphate were added to NC diet to yield 0.3% NPP and 0.8% Ca (PC1) and 0.4 NPP and 0.9% Ca (PC2). 4 Values represent the mean of n replicate pens of 6 birds each at respective age. Feed Conversion Ratio Similar to live weight responses, FCR from chickens fed the NPP-deficient diet supplemented with phytase was comparable to the PC diets. Improvement in FCR demonstrates a positive response to phytase supplementation in the diet with NPP reduction. Phytase S level improved FCR (P < 0.05) at 7 to 14 feeding phase when compared to the R level. Additionally, FCR was improved (P < 0.05) at S dietary level for enzyme C compared to the chickens fed the NC diet (Table 3) . Cumulative FCR (0 to 22 d) for the S phytase level was better (P < 0.05) than the R level.
Bone Mineralization
Bone mineralization measured by TBA, TBS, BMC, and BMD were observed to be equivalent or better compared to both PC diets. These results indicate that all phytase sources were effective in releasing P from phytate in the NC diet at both dietary levels. A significant source × level interaction was observed for TBA. Interestingly, enzyme A at S dietary level resulted to have the highest TBA, while the same enzyme resulted in the lowest TBA at R supplementation level when compared with the other phytase treatments. Additionally, TBS and BMC source × level interaction were approaching significance P = 0.126 and P = 0.100, respectively. Main effects for phytase dietary level were observed for TBS, BMD, and BMC. In agreement with the performance results, higher supplemental levels of phytase (S) resulted in improved (P < 0.05) bone mineralization response compared with the birds fed lower (R) dietary levels of phytase. In average, the addition of enzyme A, B, C, and D at S level improved 24.1%, 29.7%, 18.8%, TBS, BMC, and BMD, respectively, when compared to the R dietary level (Table 4) . Phytase supplementation at R and S levels positively influenced (P < 0.05) bone mineralization of broiler chickens when compared to the NC diet. x-z Means within column lacking a common superscript differ (P < 0.05) factorial analysis. a-e Means within column lacking a common superscript differ (P < 0.05) all treatment analysis. 1 Phytase sources supplemented at R (regular) and S (super-dose) levels. Optiphos (enzyme A) supplemented at 250 and 1,500 FTU/kg, Quantum Blue (enzyme B) supplemented at 500 and 1,500 FTU/kg, Axtra PHY (enzyme C) supplemented at 500 and 1,000 FTU/kg, and Ronozyme HiPhos (enzyme D) supplemented at 1,000 and 2,000 FYT/kg.
2 Tibia bone ash (TBA), tibia breaking strength (TBS), bone mineral content (BMC), bone mineral density (BMD). 3 NC diet was formulated to yield 0.7% Ca and 0.2% NPP. Limestone and monoclacium phosphate were added to NC diet to yield 0.3% NPP and 0.8% Ca (PC1) and 0.4 NPP and 0.9% Ca (PC2). 4 Values represent the mean of n replicate pens of 4 birds each at respective interval age.
Apparent Ileal Digestible Energy
Energy digestibility was improved (P < 0.05) with higher inclusion levels of phytase (R vs S levels). Overall, main phytase source effects indicate that the supplementation of the NC diet with enzyme C resulted in the highest energy digestibility and enzyme B and D in the lowest. Enzyme A had an intermediate response (Table 5) . Independently of the source the addition of phytase A, B, C, D at S level resulted in an average 17% energy digestibility improvement when compared with the NC treatment.
DISCUSSION
Early and recent studies regarding phytase supplementation into poultry diets have reported consistent beneficial effects on performance, bone mineralization and nutrient digestibility (Nelson, 1967; Simons et al., 1990 The present study showed improvements in BW and WG as early as 7 d of age when phytase was added at S level for enzyme A and C. This suggests that phytase super-dosing using phytase A or C might be appropriate at early stages of growth to promote performance. The same beneficial effect in BW and WG was observed for all phytase sources after 7 d of age and consistently continued until 22 d of age. Additionally, high dietary levels of phytase (S) showed a higher response when compared to the lower levels (R) of supplementation regardless the phytase source throughout the grow-out period. Similar results were obtained by Pirgozliev et al. (2008) who supplemented phytase to NPP-deficient diets at 250, 500, and 2,500 FTU/kg. They observed a linear improvement in performance as the level of dietary phytase increased. Additionally, they reported a 6.6% increase in BW and a 2.4% increase in feed efficiency when dietary phytase increased from 500 to 2,500 FTU/kg. Manobhavan et al. (2015) used a Escherichia coli-derived phytase supplemented at 500, 2,500, and 5,000 FTU/kg to NPP deficient broiler diets (0.13% NPP reduction in starter diet; 0.12% NPP reduction in a-e Means within column lacking a common superscript differ (P < 0.05) all treatment analysis.
1 Apparent ileal digestible energy (AIDE) kcal/kg. 2 Phytase sources supplemented at R (regular) and S (super-dose) levels. Optiphos (enzyme A) supplemented at 250 and 1,500 FTU/kg, Quantum Blue (enzyme B) supplemented at 500 and 1,500 FTU/kg, Axtra PHY (enzyme C) supplemented at 500 and 1,000 FTU/kg, and Ronozyme HiPhos (enzyme D) supplemented at 1,000 and 2,000 FYT/kg.
3 NC diet was formulated to yield 0.7% Ca and 0.2% NPP. Limestone and monoclacium phosphate were added to NC diet to yield 0.3% NPP and 0.8% Ca (PC1) and 0.4 NPP and 0.9% Ca (PC2). 4 Values represent the mean of n replicate pens of two birds each at respective interval age.
finisher diet) and observed that the inclusion of 2,500 and 5,000 FTU/kg increased performance compared to the nutritionally complete control diet (0.45% NPP starter; 0.40% NPP finisher) and the lower 500 FTU/kg phytase supplementation level. Wu et al. (2015) reported that 1,000 FTU/kg dietary phytase supplementation to NPP-deficient diets (≈0.125% NPP reduction) resulted in an average 13% improvement in BW of 0to 21 d broiler chickens. Moreover, Pieniazek et al. (2017) reported improvements in performance when phytase was supplemented (250, 500, and 2,000 FTU/kg) to deficient NPP diets (0.23% starter; 0.19% grower) . However, the inclusion of 2,000 FTU/kg resulted in better performance than 250 and 500 FTU/kg supplementation levels and NPP-deficient diet. In this experiment, all four phytase sources effectively reduced the adverse effects of NPP reduction in the diet. Average phytase dietary supplementation at the R level was comparable to the 0.10% NPP reduction in the diet when compared to PC1, while phytase supplementation at the S level was comparable or exceeded the highest NPP reduction of 0.20% when compared to PC2.
In this study, an improvement of the FCR was observed with supplemental phytase at both dietary inclusions. However, these reductions did show a consistent statistical significance throughout the grow-out period. These data are in agreement with published results that failed to observe significant improvements in FCR (Broz et al., 1994; Karimi et al., 2013; Wu et al., 2015; Gautier et al., 2017) .
For bone mineralization, the addition of phytase had a positive effect on TBA, TBS, BMD, and BMC with respect the NC diet. In agreement with the performance data, dietary levels of phytase A, B, C, and D at S levels showed a higher response (P < 0.05) when compared to the lower dietary levels of supplemental phytase (R). In average, the addition of enzyme A, B, C, and D at S level improved 24.1%, 29.7%, 18.8%, TBS, BMC, and BMD, respectively, when compared to the R dietary level. Similar observations were reported by Shirley and Edwards (2003) who observed that high dietary phytase supplementation (>1,000 FTU/kg) to low NPP diets improved percent tibia ash in young (0 to 16 d) growing broilers. Karimi et al. (2013) reported that addition of 1,000 and 1,500 FTU/kg significantly improved toe and tibia ash in 29.4 and 27.5%, respectively, when compared to the NPP-deficient diet and 7% and 9% when compared to 500 FTU/kg dietary phytase. Pieniazek et al. (2017) found a similar response with supplemental phytase levels of 250, 500, and 2,000 FTU/kg. They observed that with increasing levels of supplemental phytase bone ash improved 9.3%, 10.4%, and 17.6% when compared to the low NPP control diet. Additionally, the inclusion of 2,000 FTU/kg improved (P < 0.05) 7% bone ash when compared to the lower (250 and 500 FTU/kg) inclusion levels. Shaw et al. (2010) compared the efficacy of three commercially available microbialderived phytase enzymes and concluded that breaking strength was improved with supplemental phytase on 0 to 28 d of age broiler chickens. Our results in agreement with Shaw et al. (2010) suggest that super-dose levels of phytase on starter broiler feeds are more effective during early stages of growth to promote bone mineralization.
Although bone density responses have not been extensively used as bone ash or breaking strength to assess phytase effect in P-deficient diets, some studies using the DXA scan or other bone densitometer suggest there is evidence to support significant benefits of using phytase in broiler diets. In agreement with the results of this experiment where BMC and BMD were improved with supplemental phytase, Angel et al. (2006) reported that whole body and tibia BMD and BMC of 49-d-old birds were higher in those fed diets with 0.2% NPP plus 600 FTU/kg of phytase. Chung et al. (2013) reported that supplementation of two different enzyme sources one (1,500 and 3,000 FTU/kg) and two (500 and 1,000 FTU/kg) to deficient NPP diets improved bird femur and tibia BMD and BMC. Shang et al. (2015) demonstrated that the addition of phytase (500 FTU/kg) to NPP-deficient diets had a positive effect on tibia and femur BMD and BMC. However, observed values did not reach expected response when compared to the nutritionally compete diet, indicating that higher dietary phytase supplementation was required to maximize bone mineralization.
In this study, apparent ileal energy digestibility was improved with higher inclusion levels of phytase. Although differences were observed within phytase sources, enzyme A, B, C, and D were effective in increasing energy digestibility of corn-soy diets. In average, phytase super-dose resulted in a 17% energy digestibility improvement when compared with the low NPP control diet. Similar improvements in energy utilization were observed by Pirgozliev et al. (2008) who reported that the intake of apparent metabolizable energy (AME) was improved by approximately 14% and 18.3% with phytase supplementation at 500 and 2,500 FTU/kg, respectively. Pieniazek et al. (2017) reported a 12.6% increase in AME digestibility of 21-d-old broiler chickens fed a NPP supplemented with 2,000 FTU/kg phytase.
Literature suggests phytase super-dosing effects are related to the efficacy of the enzyme to release bounded P in NPP-deficient diets (Farhadi et al., 2017) increasing P bioavailability (Harland and Oberleas, 1996; Kies, 1996; Gibson et al., 2010; Cowieson et al., 2011; Walk et al., 2014) . Additionally, there is evidence that suggests myo-inositol is having an important role on bird's nutrition. Myo-inositol concentration in the intestine of birds and plasma appears to increase after phytase supplementation (Walk et al., 2014; Cowieson et al., 2015) . Moreover, recent literature has reported that supplemental myo-inositol to poultry diets positively improved performance (Pirgozliev et al., 2007; Cowieson et al., 2013) . Although the nutritional role of myo-inositol has not been fully understood, researchers describe myo-inositol having an important function in cell growth and metabolism, fat deposition and transport, regulation of glucose transport, gluconeogenesis, and protein deposition (Dang et al., 2010; Cowieson et al., 2011; Yamashita et al., 2013; Cowieson et al., 2015; Lee and Bedford, 2016) . Other factors that could possibly influence the response of poultry to supplemental phytase include electrolyte balance (Ravindran et al., 2008) , vitamin D 3 concentration in the diet (Nelson, 1967; Li et al., 1998; Angel et al., 2006) , and interactions between phytase and Ca (Selle at al., 2009; Walk et al., 2012) .
In conclusion, phytase A and C super-dose supplementation to corn-soy diets appears to promote growth of broiler chicks during their first days of life (0 to 7 d). Overall, regardless of the phytase source, enzyme supplementation at R and S dietary level effectively reduced the adverse effects of NPP reduction in the diet and positively improved performance and bone mineralization of starting broiler chickens. High dietary levels of phytase showed a higher response when compared to the lower levels of phytase supplementation.
